~ Four species of Phoradendron were examined for seedling morphology:
villosum (on Quercus). The main species used in the study was ~-juniperinum, using the other species for comparison.
The initial shoot(s) of ~-juniperinum may develop from the epicotyl of the developing seedling, from adventitious buds which arise from a cushion of tissue, termed the haustorial cushion, formed beneath the holdfast, or from both positions. When shoots arise only from adventitious buds the original seedling remains attached in a lateral position, often persisting for a number of years, giving the false impression of an autoparasite establishing itself near the base of the plant.
In P. bolleanum and ~-villosum, initial shoots arise from the epicotyl although adventitious shoots may also develop, particularly in ~-bolleanum. In contrast, ~-californicum shoots are entirely adventitious in origin, and the initial seedling can frequently be seen near the center of the cluster of adventitious shoots.
Cotyledons of all species in the study were found to be persistent and possess a distinctive tip probably resulting from the site of attachment to the endosperm. These distinctive, persistent cotyledons and other clearly identi- (Barlow 1983) . Historically they were placed in one large family, the Loranthaceae, but as they have been studied in more detail, evidence has indicated a greater separation.
The mistletoes are currently placed in one of three families, the Loranthaceae, the Viscaceae, or the Eremolepidaceae (Kuijt 1969 , Cronquist 1981 (Fineran and Hocking 1983) . All are characterized by some form of physiological bridge or interface, the haustorium, with the host vascular system. Most of the mistletoes tap only water and mineral nutrients from the host system, but a few, including Arceuthobium (Hull and Leonard 1964) and Tristerix (Mauseth, Montanegro, and Walckowiak 1984) have been shown to obtain photosynthetic product through this absorptive organ as well. (Barlow 1983) . Kuijt (1969) notes that Phoradendron and Dendropthera are entirely sympatric and, despite the fact that viscacean genera are usually clearly defined groups, the main distinction between these two genera lies in the number of locules of the anther.
Phoradendron, the major focus of this study, is considered the largest genus in the Viscaceae although the number of species is uncertain. Kuijt (1969) (Hawksworth and Wiens 1972) . Whatever the dispersal mechanism, the embryo and endosperm in nearly all species retain a layer of viscin derived from the mesocarp.
This substance is sticky enough to adhere to a surface, yet slippery enough to allow sliding to a possibly advantageous position on the host (Kuijt 1969) . Another remarkable property of viscin is its ability to withstand a number of dryings and wettings while retaining its stickiness but gradually losing its slippery properties (Paquet et al. 1986 ). The excision of the seed is proposed as the trigger for breaking predispersal dormancy. Upon attachment to the host surface, germination can be timed to insure optimal conditions for efficient growth (Lamont 1983 , Salle 1983 .
A chlorophyllous endosperm may assist in respiration and photosynthesis during this highly vulnerable period (Harris 1976 ). Germination occurs immediately unless unsuitable climatic conditions exist, sensed by the photosensitive apex of the embryo which usually protrudes beyond the seed (Lamont and Perry 1977) . Most studies of tropisms in growing radicles show them to be largely geotropically neutral and negatively phototropic (Kuijt 1964 , Scharpf 1970 ). In any event, when the radicle contacts the host surface, a disc-like holdfast forms, signaling the initial phase of seedling establishment. At this point the mistletoe penetrates the host epidermis with mechanical force (Scharpf and Parmeter 1962) and possibly enzymatic action (Jaramillo 1975) . Entry through the host stomata has also been observed in a highly reduced loranthaceous mistletoe, Tristerix aphyllus (Mauseth et al. 1985) . Initial penetration may be countered by host defensive measures such as barriers of cork (Jaramillo 1975) , and exudates of sap (Cowles 1972 (Cowles , 1977 . Once penetration is complete the endophyte grows and ramifies in the host tissue forming vascular contacts.
5
The successful establishment of seedlings is signaled by the development of aerial shoots. A great range of morphologies are seen among the mistletoe families at this time. Kuijt (1982b) shoot formation from the endophyte only, since the epicotyl never develops (Mauseth et al 1985) .
The Viscaceae are considered to have relatively uniform seedlings (Kuijt 1982b ) except the genus Arceuthobium.
Due to their economic implications, Arceuthobium spp. are studied in detail and are considered the most advanced.
Epicotylar growth is suppressed in favor of endophytic establishment (Kuijt 1969 ), somewhat like that described for !· aphyllus. The cotyledons in this instance, however, are only rudimentary, and the shoot apex only slightly developed (Cohen 1963) . Shoots arise adventitiously from the endophytic system and may not emerge until two or more years after initial infection (Hawksworth and Wiens 1972 Cannon (1904) and Bray (1910) give only scanty details con- Recognition of the cotyledons is one of the primary means to interpret shoot morphology (Eames 1961) . Kuijt (1982b) points out that an insufficient data base exists on seedling structure. Major change from the usual sequence of seedling growth such as reduction or suppression of embryonal apical differentiation seems to be an evolutionary trend in parasitic flowering plants (Teryokhin and Nikiticheva 1982 (1) they were available for collections of fresh material, (2) their location on the northernmost limit of their ranges best illustrates ecological effects, and (3) they represent a trend of reduction cited by Wiens (1964) .
Due to the nearness of the site and availability of seedlings for collection and observation P. juniperinum received primary consideration, and the other species were used for comparison. All materials collected were brought to the laboratory and examined while fresh under a Zeiss dissecting microscope. Some specimens were also preserved in formalin-propionic acid-alcohol for further study. 
RESULTS
In the Bend, Oregon study area fruits of Phoradendron juniperinum reach maturity in the early winter. Several bird species (Zilka 1973) , feeding on mistletoe fruits, void seeds in nearby branches including those of the host species (Fig. 1) . Once attached to host twigs germination begins. In ~· juniperinum, pictured in Figs. (1-10), and all other Phoradendron spp. examined in this study, the radicle is the first structure to emerge from the seed (Fig. 1) . The specimen shown was collected in mid-May and reflects the slow but continuous growth of the green radicular axis. Eventually the radicle tip reaches a penetration site which is typically, but not always, beneath a scale leaf and forms a holdfast (Fig. 2) . Throughout this stage the cotyledon tips remain embedded within the endosperm which is in turn covered by the sclerophyllous "seed" coat ( Fig. 2) . As development continues, the seedling becomes erect, shedding the remnants of the endosperm, and the plumule begins to extend (Fig. 3) .
At this early stage of seedling growth striking variations become evident. In many seedlings an expanded region of tissue, here termed the haustorial cushion, develops beneath the holdfast raising it above the host surface (Fig.   4 ). Of 254 seedlings examined 52 percent developed this cushion. Typically, two to four adventitious buds arise on the cushion (Fig. 4) , but as many as eleven were observed.
These buds may remain dormant for a time (Fig. 4) or initiate shoot growth almost as soon as they appear (Fig. 5) .
Seedlings which failed to form a cushion did not develop adventitious shoots at the initial infection site. However, adventitious shoots often form later directly from the endophytic system. The development of shoots from the endophytic system is a common phenomenon in some viscacean genera and has been observed by several workers (Bray 1910 , Cannon 1901 , Kuijt 1969 , York 1909 .
In approximately 20 percent of specimens studied adventitious shoots originating from a haustorial cushion equalled ( which developing adventitious shoots had ten or more extended internodes. When first observed these undeveloped "basal" seedlings were interpreted to be autoparasites, but as a broad range of developmental stages were studied the true sequence of events became evident.
~· juniperinum generally has two cotyledons (Fig. 3) although the number ranges from one to three. Usually the cotyledons are free and spreading, that is, phanerocotylous (Fig. 6 ), but some are partially or wholly fused along one edge. Sometimes the cotyledons are fused to such an extent that the demarcation between the individual cotyledons is difficult to discern (Fig. 10) . The cotyledons display a set of morphological characteristics that distinguishes them from subsequent leaf pairs. First, their extreme tips (approximately 1 mm) are seen to be pointed and chlorotic upon removal of the endosperm. Later the points appear brown and withered. Viewed with the scanning electron microscope the minute, pointed tip is quite conspicuous (Fig. 11) . Of interest are the many small trichome-like extensions protruding from this tip. Closer examination suggests that the extensions are of subepidermal origin (Fig.   12 ). Possibly, these extensions served a suctorial function in relation to removal of nutritional materials from the endosperm. In any event, these minute tips are nearly always present, and can be seen when cotyledons are examined closely (Fig. 6 ), although they are not always distinct at first glance. Second, the cotyledons join smoothly and without interruption with the hypocotyl region (Fig. 3) , whereas the subsequent scale leaves show a definite line of demarcation at their junction with the stern (sl in Figs. 7, 8) . When comparing the plumular shoot and the adventitious shoot in Figure 6 , the difference between cotyledons and scale leaves provides an important criterion for distinguishing between the two shoot types. Using the characteristics described, cotyledons make a reliable indicator of plumular shoots in the field. Although their shape is somewhat changed as the stem increases in size, they can still be identified on specimens such as the one seen in Figure 10 , which has over 20 extended internodes.
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Phoradendron bolleanum (Figs. 13-18 ) follows closely the sequence of events described for early seedling growth of ~· juniperinum. Following germination and holdfast formation, the seedling becomes erect (Fig. 13) . A haustorial cushion may also form, but not as commonly as in ~-juniperinum. Of 121 specimens examined, 37 percent had this structure. Generally one or two adventitious buds are initiated on the cushion, but 90 percent of these had not developed into shoots even after seven extended internodes were visible on the plumular shoot. It was noted, however, that all buds produced shoots in the six cases where the original seedling had been damaged by insect herbivory or mechanical injury. This species produced adventitious shoots primarily from the endophytic system, and large clusters of these shoots are found at varying distances from the initial infection site. In no case was original seedling growth arrested, as was illustrated for P. juniperinum in Figures 7-9.
The cotyledons of P. bolleanum, which are usually two or three in number, display the distinct morphological features described for ~-juniperinum (Fig. 14) . Fusion of the cotyledons is common, occurring at their tips ( Fig.   15 ), along their margins (Fig 16) , or a combination of these (Fig. 17) . In any event, the cotyledons do not appear to enlarge very much and remain smaller, although somewhat more succulent, than subsequent foliage leaves.
With continued lateral expansion of the main stem, the cotyledons assume a position perpendicular to the stem axis, and they persist, even though foliage leaves above them are lost (Fig. 18) . As in ~· juniperinum, the cotyledons are reliable and even more obvious indicators for identifying plumular shoots.
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Seedling development in~· californicum contrasts strikingly with that of P. bolleanum. Upon germination the extending radicle, which is distinctly reddish in color, forms a holdfast from which the endophyte is established. Subsequently, an average of seven, but as many as twenty, adventitious buds arise from a thin, flattened haustorial cushion immediately beneath the holdf ast (Fig. 19) . When a large number of adventitious shoots are formed they may be present around the entire periphery of the cushion, resulting in shoots radiating outward all around the initial infection site (Fig. 20) . Regardless of bud arrangement, the vast majority develop, resulting in infections having thick clusters of shoots. Adventitious shoots may also arise from the endophytic system, particularly when the initial infection site is at a node.
Of particular interest, the original seedling of P.
californicum was never seen to develop a plumular shoot in any of the approximately 50 infections for which the fate of the original seedling could be determined. Instead, the original seedling remains as a necrotic-appearing, attenuated stub within the mass of adventitious shoots (as in Fig. 20) . Although not always readily visible, this structure clearly identifies the initial site of infection.
~· californicum typically has two minute cotyledons.
These cotyledons remain embedded in the endosperm--the cryptocotylar condition--and presumably play an important role in transfer of nutrients to the developing radicle.
When seedlings with extending radicles were dissected from the endosperm, the upper portion encompassed by endosperm was seen to be deep green in color except for the tip, which may appear colorless.
The seedling establishment characteristics of P.
villosum conform closely to those "typical" of the genus as based on reports of other workers. Although seedlings of this species were difficult to locate in the field, those observed confirm that the plumular shoot develops as the main shoot. In none of the seven young seedlings studies was a haustorial cushion evident, and in none of the 21 total specimens examined did adventitious buds and/or shoots appear at the initial infection site. Presumably, adventitious shoots can develop from the endophytic system, but none were observed in the specimens examined. Rather, shoots of all ages, when examined closely, were seen to have two small, but persistent cotyledons (Fig. 21) .
DISCUSSION
The first aerial shoot of a Phoradendron seedling has generally been regarded as being of plumular origin (Cannon 1901 , Calvin 1966 . In the present study the initial shoots of P. bolleanum and ~· villosum were entirely plumular in origin, whereas those of P. californicum were entirely adventitious. The initial shoots of ~· juniperinum can be either plumular in origin, or, less commonly, arise from adventitious buds. These contrasting patterns of shoot origin represent a greater diversity than has previously been recognized. The situation in ~· californicum is reminiscent of that seen in Arceuthobium spp. (Cohen 1963, Hawksworth and Wiens 1972) and in Tristerix (Loranthaceae) (Mauseth et al 1984) where the initial shoot and all succeeding shoots are adventitious. A major difference in P.
californicum, however, is that the numerous initial shoots are derived from an aerial portion of the seedling. In
Arceuthobium and Tristerix, on the other hand, the initial shoots arise from the endophytic system, and do not appear until some time after penetration of the host and disappearance of the entire aerial portion of the seedling. In the case of Arceuthobium these shoots do not appear until at least two years after infection.
In the species studied, excluding ~-villosum, the formation of a haustorial cushion is described. This cushion, which is of varying size, arises beneath the holdfast and is the site of adventitious bud origin in the developing seedling. In ~-juniperinum, which has the most pronounced cushion, development of the structure may markedly raise the holdfast above the host surface. Although a region comparable to the haustorial cushion has not been described by other workers, York (1909) does note that in P.
f lavescens "the aerial shoots which are first formed usually arise from buds, which develop on the attachment disc " In the present study adventitious buds were never seen to arise on the holdfast (attachment disc). In P.
californicum the cushion is much less obvious than in P.
juniperinum, and it may be that the species studied by York was of this type and the cushion was more easily overlooked.
The cotyledons of the Phoradendron species studied vary in both number and morphology. In Phoradendron increasing production of adventitious shoots is also considered to be an advanced trait (Kuijt 1969 ) and does correspond to decreased leaf size in the species examined. Arceuthobium, universally regarded as the most advanced viscacean genus, produces aerial shoots only adventitiously, and only from the endophytic system (Hawksworth and Wiens 1972, Kuijt 1969 
